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Thermoplastic-coated roll, method for manufacture of the roll, 
composition of thermoplastic coating, method of calendering by 
means of thermoplastic-coated rolls in accordance with the invention, 
5 and paper/board manufactured by means of such rolls 



The present invention concerns a thermoplastic-coated roll for a paper/board 
10 machine, a method for manufacture of the roll, a composition of thermoplastic 
coating for the roll, a method of calendering by means of thermoplastic-coated rolls 
in accordance with the invention, and paper/board manufactured by means of such 
rolls. 

15 In a paper/board machine, currently polymer-coated rolls are employed in a number 
of applications. As examples of such rolls can be mentioned press rolls, suction 
rolls, soft rolls for a supercalender, and so-called soft-calender rolls. So far, the 
coatings have been mainly based on polymers and in particular on the use of 
thermosetting-plastic based resins, such as polyurethane or epoxy or unsaturated 

20 polyester. From the point of view of technology of manufacture, these polymers 
have been suitable for coating of large rolls; among other things, their casting in 
moulds or rotation casting is possible, even though problems of work hygiene have 
arisen from vapours of volatile organic compounds, such as styrene. Further 
manufacturing techniques that have been used include, among other things, extru- 

25 sion, spraying, winding of fibre, winding of band, centrifugal casting, and use of 
various impregnated mats. 

As an example of a thermosetting-resin coated roll should be mentioned the patent 
publication EP 321,561, in which a calender roll is described whose metal core has 
30 been coated with a resin layer consisting of a thermosetting plastic, such as 
polyurethane, polyisocyanurate, cross-linked polyesteramide, or epoxy resin. 



WO 98/54405 



PCT/FI98/00438 



2 

The use of thermosetting plastic materials in demanding applications has, however, 
been limited, among other things, by their deficient properties of strength and 
toleration of heat as well as by an unfavourable viscoelastic conduct, i.e. by a 
phenomenon of hysteresis. If the temperature of a thermosetting plastic is raised to 
5 a level higher than its glass transition temperature Tg, its mechanical properties 
collapse. If there are so-called micro cracks in the coating, in a dynamic situation 
the edges of these cracks may be rubbed against each other so that locally the Tg of 
the coating material is exceeded and a macroscopic damage arises in the coating. 
With thermosetting plastics, no effect of strengthening/ toughening occurs when the 
10 temperature is raised to or beyond the glass transition range, but the properties of 
strength of a thermosetting plastic collapse in the glass transition range. This 
property is an essential limitation of the permitted running conditions of a roll. Out 
of these reasons, rolls coated with thermosetting plastics cannot be operated at a 
temperature higher than 200 °C. 

15 

The need of polymer coatings for rolls which endure heat and have high strength has 
increased to a great extent in recent years. Owing to the limitations and difficulties 
related to thermosetting plastics, the possibility of finding new, alternative coatings 
among thermoplastic resins has also been examined, but a problem has been the lack 

20 of suitable materials and difficulties of manufacturing technology. Attempts have 
been made to solve these problems in the Finnish Patent Application No. 920501, in 
which a method has been suggested for coating a roll for a paper machine with a 
thermoplastic powder, together with a roll manufactured by means of the method. In 
such a case, the roll is coated by using a hypersonic plasma and a granular polymer 

25 powder in order to obtain the desired coating layer. This method is, however, 
expensive, and the coating does not include any reinforcement material. 

Thus, there is still a need to find a solution by whose means it is possible to provide 
a thermoplastic-coated roll whose properties and range of operation are more 
30 satisfactory and which is reasonable in respect of the manufacturing technique. 
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The objectives of the invention are achieved and the drawbacks of the prior art are 
overcome by means of the solution in accordance with the present invention. 

The subject of the present invention is a thermoplastic-based roll coating (Shore D 
5 70. . .98) for highly demanding applications, such as, for example, for supercalenders 
and soft calenders, which applications are ever more demanding in respect of the 
linear load, running speed, and temperature and of combinations of same in an 
attempt to provide a better quality level of paper. Further, the invention concerns a 
method for manufacture of a thermoplastic-coated roll, a composition of 
10 thermoplastic coating, a method of calendering by means of thermoplastic-coated 
rolls, as well as paper/board manufactured by means of thermoplastic-coated rolls. 

The thermoplastic-coated roll in accordance with the invention, the method for 
manufacture of the roll, the composition of thermoplastic coating, the method of 
15 calendering by means of thermoplastic-coated rolls in accordance with the invention, 
and the paper/board manufactured by means of such rolls are characterized in what 
is stated in the patent claims. 

The invention will be described in relation to the following illustrations. 

20 

List of illustrations: 

Figure 1 illustrates a preferred coated roll in accordance with the invention. 
25 Figure 2 is an enlarged illustration in part of the coating of the roll shown in Fig, 1. 
Figure 3 illustrates the method of manufacture of a roll as shown in Fig. 2. 
Figure 4 shows a second embodiment of the invention. 

30 

Fig. 1 shows a coated roll in accordance with the invention, e.g. a calender, press 
or suction roll, onto whose body 1 a thermoplastic-based coating 2 has been applied. 
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Fig. 2 shows the coating 2 in more detail. Onto the roll body 1, a primer and 
adhesive layer 3 has been spread. On said layer, a reinforced thermoplastic coating 
is provided, which consists of a number of layers 6. In each layer 6, reinforced 
thermoplastic layers 4 alternate with thermoplastic layers 5 which have not been 
reinforced or which contain little reinforcing material. It should be noticed that, 
besides the so-called sandwich coating solution described above, the coating in 
accordance with the invention may also consist of reinforced thermoplastic layers 4 
alone. In other words, the layer 5 is optional. Further, the layers 4 and 5 may 
contain filler material. The number of the layers 4 or 5 is preferably 2... 6. The 
thickness of the whole coating 2 is 10... 25 mm, preferably 12. . . 18 nun. The 
thickness of a thermoplastic layer 5 is 3... 5 mm. 

For example, by means of a method as illustrated in Fig. 3, it is possible to manu- 
facture a reinforced thermoplastic coating in accordance with the invention. In the 
method, impregnation of thermoplastic resin in molten state into reinforcment fibre, 
coating with a layer of thermoplastic resin, and on-line winding of the band are 
combined. A continuous bundle of fibre or a narrow fibre mat 10 is impregnated 
with a suitable thermoplastic-matrix polymer 20 in the impregnation head 40 of an 
extruder 30 to the desired fibre content at a melt-processing temperature suitable for 
the polymer. The nozzle and the fibre mat are dimensioned so that the impregnated 
product that is discharged is a continuous band 50 of a width of preferably 5... 60 
mm and of a thickness of preferably 0.2... 2 mm. The band 50 that was impregnated 
with a thermoplastic resin is coated with a thermoplastic resin, which is fed through 
an extruder 60. The band 70 thus obtained, which comprises a reinforced layer of 
thermoplastic resin and a non-reinforced layer of thermoplastic resin, is passed into 
a winding unit 80, which has been attached to a sledge 90 running at the side of the 
roll body. The roll body 100 to be coated has been pre-treated, for example, with a 
suitable primer and with a thin layer of thermoplastic resin in order to secure good 
adhesion between the coating and the metal body. While the roll body revolves, the 
winding head and the extruders are transferred by means of the sledge so that the 
band covers the whole roll body. It is an essential feature in this mode of manufac- 
ture that, right before the band is affixed to the roll face, the band is heated inten- 
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sively so that the matrix polymer melts or is readily fluid/deformable. The heating 
can be carried out by using a suitable high-capacity source of heat 110 (e.g. flame, 
IR, hot-air blowing, laser). After the adhesion stage, the band is pressed with high 
force against the roll face, e.g., by means of a separate backup roll 120 in order to 
5 provide good adhesion and uniform surface quality. It is also essential that the 
tension of the band that is being wound is controlled in order that good adhesion 
could be achieved. The winding is carried out as a number of windings high enough 
so that the desired thickness of coating is reached. As a rule, a suitable thickness of 
coating is 10... 25 mm, but coatings of other thicknesses can also be manufactured 
10 depending on the application of use of the roll. The fibre content in the reinforce- 
ment band can be varied continuously by regulating the output of the extruder; when 
the output is increased, the fibre content is lowered, and the other way round. It is 
essential in a sandwich technique that the thickness of the band 70 that is wound is 
maintained as invariable as possible. 

15 

Fig. 4 illustrates a method in accordance with the invention when a coating is 
manufactured which comprises reinforced layers of thermoplastic resin only. In such 
a case, one of the extruders 60 has been omitted. The numeral 130 represents an 
optional band tensioning roll, and the numeral 140 an optional air cooling equip- 
20 ment. 

Alternatively, the continuous fibre-reinforced polymer band can also be wound 
tightly around the roll body without using a source of heat. In such a case the 
ultimate coating is formed in a heat treatment oven, into which the roll is transferred 

25 after winding. The temperature in the oven must be maximally about 10... 20 °C 
higher than the melting/softening point of the polymer. The heat treatment must be 
sufficiently long in view of necessary melting together, but, however, as short as 
possible in order to avoid thermal decomposition of the polymer, which decomposi- 
tion again deteriorates the properties of the polymer. The duration of the heat 

30 treatment is partly determined in accordance with the molten viscosity (zero-shear) 
of the polymer. In other words, the higher the viscosity, the longer is the time. It is 
important that the roll revolves during the whole duration of the heat treatment. 
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treatment is partly determined in accordance with the molten viscosity (zero-shear) 
of the polymer. In other words, the higher the viscosity, the longer is the time. It is 
important that the roll revolves during the whole duration of the heat treatment. 

5 It is also possible to carry out the impregnation as a fully separate working step of 
its own, and the coating of the roll by winding is carried out as described above. 

Thermoplastic resins have a glass transition temperature Tg of their own, but, unlike 
thermosetting resins, the toughness of partly crystalline thermoplastic resins 

10 increases after the glass transition temperature has been surpassed up to the point at 
which the melting point of the plastic is reached. This applies in particular when the 
degree of crystallinity is high. Fully amorphous thermoplastic resins are not suitable 
for use above the Tg. Polymer materials that are suitable for use in the invention 
include the following: out of partly crystalline polymers, advantageous are poly- 

15 phenylene sulphide (PPS), polyether ketone (PEK), polyether-ether ketone (PEEK), 
main-chain liquid-crystal polymer (LCP), thermoplastic polyester, polyphtalamide 
(PPA), poly amides (PA 46, PA 6 and PA 66), as well as thermpolastic resins that 
contain fluorine, and out of amorphous polymers, advantageous are polyetherimide 
(PEI), polyetherimide/polycarbonate (PEI/PC mixture), polyethersulphone (PES), 

20 and polysulphone (PSU). By means of mixing of different thermoplastic resins, it is 
possible to affect the Tg values of the coating materials. When polymer coatings of 
very high strength are prepared, it is preferable to minimize the proportion of 
amorphous materials. The crystallinity of a polymer can be increased by means of 
slow cooling and heat treatment. Preferably, the thermoplastic resin that is used with 

25 a reinforcement fibre and in the thick layer of thermoplastic resin is the same. 

A fibre reinforcement layer provides the coating with the desired modulus of 
elasticity. As the fibre material, it is possible to use glass, carbon or ceramide 
fibres, and the width of the impregnation band is preferably 5... 60 mm. The 
30 impregnation, which is carried out by means of a technique in itself known, was 
difficult in the prior art, because thermosetting plastics are readily fluid and do not 
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mica, silicates, ceramic materials (Cr 2 0 3 , Ti0 2 , A10 2 ...)> chalk, glass flakes, glass 
globules, carbon black, and broken-fibre reinforcement. 



In the mode in accordance with the invention, an excellently tough coating is 
5 obtained, which has a good toleration of high temperature. Further, in this method, 
no volatile compounds are used at all, in which case the problems in respect of work 
hygiene are avoided. Further, since an on-line process is concerned, it is not necess- 
ary to keep the products in intermediate storage. 

10 Thermoplastic-coated rolls can be used as rolls for calenders, supercalenders and soft 
calenders, but also in the press section, for example as suction rolls or grooved rolls, 
on which particular requirements are imposed in respect of the strength of the roll 
face, because the rolls must additionally endure the strain produced by the fibres. 



15 When a coated roll in accordance with the invention is used in calender or press 
applications, it is preferable to attempt to optimize the operating temperature so that 
the temperature of the coating is above the Tg temperature of the thermoplastic 
matrix. Above the Tg value, the thermoplastic matrix becomes considerably tougher, 
whereas in the range of Tg transition the modulus of elasticity of thermoplastic 

20 resins is lowered steeply with an increase in the temperature, for which reason, in 
the vicinity of Tg, the conditions in the nip are uncontrolled. 



Operation above the Tg temperature can be accomplished by heating the roll body 
or by lowering the glass transition temperature of the plastic matrix. The roll body 

25 can be heated so that the temperature of the coating is always above Tg. In such a 
case, the desired toughening and strengthening of the coating takes place. The 
heating can take place by means methods known from the prior art, by means of a 
heatable medium, such as water, steam, oil, etc. Other suitable methods of heating 
are, for example, the induction, IR-radiation, and hot-air methods. In such a case it 

30 is essential that under process conditions the operation takes place substantially at a 
temperature at which the modulus of elasticity of the coating material is almost 
invariable. The level of the modulus of elasticity above Tg is regulated by varying 
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heatable medium, such as water, steam, oil, etc. Other suitable methods of heating 
are, for example, the induction, IR-radiation, and hot-air methods. In such a case it 
is essential that under process conditions the operation takes place substantially at a 
temperature at which the modulus of elasticity of the coating material is almost 
5 invariable. The level of the modulus of elasticity above Tg is regulated by varying 
the quantity of reinforcement or filler materials. In this connection, it is also necess- 
ary to ensure that the internal generation of heat in the coating material, i.e. the loss 
factor, is as low as possible. It is also possible to use a non-heated polymer roll, in 
which case the level of the modulus of elasticity is higher and the coating is, in a 

10 corresponding way, harder. By means of suitable mixing of different thermoplastic 
resins with one another, the glass transition temperature of the coating material can 
be lowered so that the process temperature is higher than the glass transition 
temperature of the coating material without heating of the thermoplastic-coated roll. 
In such a case, the desired toughening of the material is achieved without using a 

15 heated roll. In calender applications, a metal-faced roll should, however, as a rule, 
also be heated in such a case. 

Roll coatings of thermoplastic resin in accordance with the invention have excellent 
toughness compared with roll coatings based on thermosetting plastics. Rolls with 
20 thermoplastic coatings can be used in a temperature range of 10... 270 °C. Thus, 
calendering can be carried out at considerably higher temperatures than with 
thermoset-coated rolls, up to a temperature of 270 °C, in which case the product that 
is obtained is a paper/board of highly uniform and excellent quality. 
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Claims 

1. A roll for a paper/board machine, characterized in that onto the roll body a 
coating has been applied which consists of fibre and thermoplastic resin. 

5 

2. A roll as claimed in claim 1, characterized in that the coating comprises layers 
made of thermoplastic resin and of fibre impregnated with thermoplastic resin. 

3. A roll as claimed in claim 1 or 2, characterized in that the thermoplastic resin 
10 consists of polypheny lene sulphide, poly ether ketone, poly ether-ether ketone, main- 
chain liquid-crystal polymer, polyphtalamide, polyamide, thermpolastic resin that 
contains fluorine, polyetherimide, polyetherimide/polycarbonate mixture, polyether- 
sulphone, thermoplastic polyester, or polysulphone, or of a mixture of same. 

15 4. A roll as claimed in any of the claims 1 to 3, characterized in that the coating 
also contains filler material/materials, which can be kaolin, mica, silicate, talc, 
chalk, glass globules, glass flakes, ceramic material, carbon black, or broken-fibre 
reinforcement. 

20 5. A method for manufacture of a roll for a paper/board machine, characterized in 
that onto the roll body a fibre impregnated with thermoplastic resin is wound in 
several layers, between which layers a layer of thermoplastic resin is applied option- 
ally. 

25 6. A method as claimed in claim 5, characterized in that a continuous bundle of 
fibre or a narrow fibre mat (10) is impregnated with a suitable thermoplastic-matrix 
polymer (20) in the impregnation head (40) of an extruder (30) to the desired fibre 
content at a melt-processing temperature suitable for the polymer, that the impreg- 
nated band (50) that is discharged is cooled and passed to a nozzle of addition of a 

30 thermoplastic resin layer at the extruder (60) and from it further into a winding unit 
(80), which has been attached to a sledge (90) running at the side of the roll body, 
by means of which sledge the winding head is transferred while the roll body (100) 
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revolves so that the band (70) covers the whole roll body, and that, right before the 
band is affixed to the roll face, the band is heated, and after the adhesion stage, the 
band is pressed with high force against the roll face. 

5 7. A method as claimed in claim 5 or 6, characterized in that the thermoplastic 
resin consists of polypheny lene sulphide, poly ether ketone, poly ether-ether ketone, 
main-chain liquid-crystal polymer, polyphtalamide, polyamide, thermpolastic resin 
that contains fluorine, polyetherimide, polyetherimide/polycarbonate mixture, poly- 
ethersulphone, thermoplastic polyester, or polysulphone, or of a mixture of same. 

10 

8. A method as claimed in any of the claims 5 to 7, characterized! in that the 
thermoplastic resin may contain filler material/materials, which is/are kaolin, mica, 
silicate, talc, chalk, glass globules, glass flakes, ceramic material, carbon black, or 
broken-fibre reinforcement. 

15 

9. A composition of coating for a roll for a paper/board machine, characterized in 
that the composition comprises thermoplastic resin, impregnated fibre, and optionally 
a filler agent/agents. 

20 10. A composition of coating for a roll as claimed in claim 9, characterized in that 
the thermoplastic resin consists of polypheny lene sulphide, polyether ketone, poly- 
ether-ether ketone, main-chain liquid-crystal polymer, polyphtalamide, polyamide, 
thermpolastic resin that contains fluorine, polyetherimide, polyetherimide/poly- 
carbonate mixture, polyethersulphone, thermoplastic polyester, or polysulphone, or 

25 of a mixture of same. 

11. A composition of coating as claimed in claim 9 or 10, characterized in that the 
filler material/materials is/are kaolin, mica, silicate, talc, chalk, glass globules, glass 
flakes, ceramic material, carbon black, or broken-fibre reinforcement. 

30 

12. A method for calendering of paper or board, characterized in that the calender- 
ing is carried out by means of a thermoplastic-coated roll as claimed in claim 1, and 
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that the temperature of the partially crystalline polymer matrix is higher than its 
glass transition temperature. 

13. A paper or board, characterized in that thermoplastic-coated rolls as claimed 
5 in claim 1 have been employed in its manufacture. 
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AMENDED CLAIMS 

[received by the International Bureau on 28 October 1998 (28.10.98)- 
original claim 1 amended; original claim 13 cancelled; 
remaining claims unchanged (3 pages)] 

1. A roll for paper/board/finishing machine, characterized in that onto the roll 
body a coating has been applied which coating comprises at least one layer of 

5 continuous fibres impregnated with thermoplastic resin and at least one layer of 
thermoplastic resin. 

2. A roll as claimed in claim 1, characterized in that the coating comprises layers 
made of thermoplastic resin and of fibre impregnated with thermoplastic resin. 

3. A roll as claimed in claim 1 or 2, characterized in that the thermoplastic resin 
consists of polyphenylene sulphide, polyether ketone, polyether-ether ketone, main- 
chain liquid-crystal polymer, polyphtalamide, polyamide, thermpolastic resin that 
contains fluorine, polyetherimide, polyetherimide/polycarbonate mixture, polyether- 
sulphone, thermoplastic polyester, or polysulphone, or of a mixture of same. 

4. A roll as claimed in any of the claims 1 to 3, characterized in that the coating 
also contains filler materia] /materials, which can be kaolin, mica, silicate, talc, 
chalk, glass globules, glass flakes, ceramic material, carbon black, or broken-fibre 

20 reinforcement. 

5. A method for manufacture of a roll for a paper/board machine, characterized in 
that onto the roll body a fibre impregnated with thermoplastic resin is wound in 
several layers, between which layers a layer of thermoplastic resin is applied option- 

25 ally. 

6. A method as claimed in claim 5, characterized in that a continuous bundle of 
fibre or a narrow fibre mat (10) is impregnated with a suitable thermoplastic-matrix 
polymer (20) in the impregnation head (40) of an extruder (30) to the desired fibre 

30 content at a melt-processing temperature suitable for the polymer, that the impreg- 
nated band (50) that is discharged is cooled and passed to a nozzle of addition of a 
thermoplastic resin layer at the extruder (60) and from it further into a winding unit 



10 



15 
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(80), which has been attached to a sledge (90) running at the side of the roll body, 
by means of which sledge the winding head is transferred while the roll body (100) 
revolves so that the band (70) covers the whole roll body, and that, right before the 
band is affixed to the roll face, the band is heated, and after the adhesion stage, the 
5 band is pressed with high force against the roll face. 

7. A method as claimed in claim 5 or 6, characterized in that the thermoplastic 
resin consists of polyphenylene sulphide, polyether ketone, polyether-ether ketone, 
main-chain liquid-crystal polymer, polyphtalamide, polyamide, thermpolastic resin 

10 that contains fluorine, polyetherimide, polyetherimide/polycarbonate mixture, poly- 
ethersulphone, thermoplastic polyester, or polysulphone, or of a mixture of same. 

8. A method as claimed in any of the claims 5 to 7, characterized in that the 
thermoplastic resin may contain filler material/materials, which is/are kaolin, mica, 

15 silicate, talc, chalk, glass globules, glass flakes, ceramic material, carbon black, or 
broken-fibre reinforcement. 

9. A composition of coating for a roll for a paper/board machine, characterized in 
that the composition comprises thermoplastic resin, impregnated fibre, and optionally 

20 a filler agent/agents. 

10. A composition of coating for a roll as claimed in claim 9, characterized in that 
the thermoplastic resin consists of polyphenylene sulphide, polyether ketone, poly- 
ether-ether ketone, main-chain liquid-crystal polymer, polyphtalamide, polyamide, 

25 thermpolastic resin that contains fluorine, polyetherimide, polyetherimide/poly- 
carbonate mixture, polyethersulphone, thermoplastic polyester, or polysulphone, or 
of a mixture of same. 

11. A composition of coating as claimed in claim 9 or 10, characterized in that the 
30 filler material/materials is/are kaolin, mica, silicate, talc, chalk, glass globules, glass 

flakes, ceramic material, carbon black, or broken-fibre reinforcement. 
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12. A method for calendering of paper or board, characterized in that the calender- 
ing is carried out by means of a thermoplastic-coated roll as claimed in claim 1, and 
that the temperature of the partially crystalline polymer matrix is higher than its 
glass transition temperature. 
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